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ABSTRACT                        Response surface methodology was employed for the optimization of different 
nutritional and physical parameters for the production of protease by a soil isolated Bacillus 
strain in submerged fermentation. Initial screening of production parameters as carbon (glu-
cose) and nitrogen source (soybean) were optimized together with four variables K2HPO4, NaCl, 
MgSO4.7H2O, CaCl2.2H2O and four physical parameters including agitation, inoculum size, pH 
and time was performed using Plackett  Burman design and the variables with statistically sig-
nificant effect on the protease production identified. These variables were selected for further 
optimization studies using central composite design in RSM. The protease activity under unop-
timized conditions was 330 U/ml. Under the final optimized conditions, the predicted response 
for protease production was 449 U/ml, and the observed  validated experimental value was 577 
U/ml. The statistical optimization by response surface methodology resulted in about two fold 
increase in the production of the enzyme by the selected bacterial strain 
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1 2 5 0.05 0.5 0.5 0.2 120 1 8 48 187.6
2 1 5 0.5 0.01 0.5 0.2 180 1 8 24 218.4
3 2 2 0.5 0.5 0.05 0.2 180 3 8 24 228.2
4 1 5 0.05 0.5 0.5 0.01 180 3 10 24 234.4
5 1 2 0.5 0.01 0.5 0.2 120 3 10 48 200.2
6 1 2 0.05 0.5 0.05 0.2 180 1 10 48 238
7 2 2 0.05 0.01 0.5 0.01 180 3 8 48 330.2
8 2 5 0.05 0.01 0.05 0.2 120 3 10 24 166.6
9 2 5 0.5 0.01 0.05 0.01 180 1 10 48 231.2
10 1 5 0.5 0.5 0.05 0.01 120 3 8 48 240.8
11 2 2 0.5 0.5 0.5 0.01 120 1 10 24 35.2
12 1 2 0.05 0.01 0.05 0.01 120 1 8 24 134.2
Central composite design
Statistical analysis and Modelling
Results and Discussion
Table 2 a. Ranking of the variables investigated in the Plackett–Burman design.
Variable Component Mi
+– Mi
– E(xi) Absolute E(xi) Ranking
A Glucose 1179 1266 -14.5 14.5 8
B Soyabean 1279 1166 18.8333 18.8333 7
C K2HPO4 1154 1291 -22.833 22.833 5
D MgSO4 1164.2 1280.8 -19.433 19.433 6
E NaCl 1206 1239 -5.5 5.5 9
F CaCl2 1239 1206 5.5 5.5 10
G Agitation 1480.4 964.6 85.9667 85.9667 1
H Inoculum 1400.4 1044.6 59.3 59.3 4
I pH 905.4 1339.4 -72.333 72.333 2
J Time 1428 1017 68.5 68.5 3









Model 55925.61 10 5592.561 373.751 0.0402 significant
  A-Glucose 630.75 1 630.75 42.15304 0.0973
  B-Soybean 1064.083 1 1064.083 71.11272 0.0751
  C-K2HPO4 1564.083 1 1564.083 104.5277 0.0621
  D-MgSO4 1132.963 1 1132.963 75.71597 0.0728
  E-NaCl 90.75 1 90.75 6.064825 0.2456
  F-CaCl2 90.75 1 90.75 6.064825 0.2456
  G-Agitation 22170.8 1 22170.8 1481.675 0.0165
  H-Inoculum 10549.47 1 10549.47 705.0214 0.0240
  J-pH 4555.203 1 4555.203 304.4244 0.0364
  K-Time 14076.75 1 14076.75 940.7496 0.0207
Residual 14.96333 1 14.96333
Cor Total 55940.57 11
Std. Dev: 3.87; R-Squared: 0.9997;  Adj R-Squared: 0.9971, Pred R-Squared: 0.9615; PRESS: 2154.72; Adeq Precision: 79.653.
Screening of significant variables using 
Plackett–Burman design
Table 3 a. Design Summary CCD.
Study Type Response Surface Runs 20
Design Type Central Composite Blocks No Blocks
Design Model Quadratic Build Time (ms) 4.67898
Factor Name Units Type Subtype Minimum Maximum -1 Actual +1 Actual Mean Std. Dev.
A Glucose % Numeric Continu-
ous
0.659104 2.340896 1 2 1.5 0.413171
B Soybean % Numeric Continu-
ous
0.977311 6.022689 2 5 3.5 1.239514
C K2HPO4 % Numeric Continu-
ous
-0.20681 1.306807 0.1 1 0.55 0.371854
Response
Name









199.65 456.64 358.8005 92.7528 2.287203 None Quadratic
Table 3 b. Central composite design matrix for the experimental design and predicted responses for protease activity.












Residual value Validation 
Value
1 1 2 0.1 214.9 218.8342 -3.93 291.06
2 2 2 0.1 199.65 195.1977 4.452 148.5
3 1 5 0.1 309.17 306.0927 3.077 380.16
4 2 5 0.1 288.75 296.2112 -7.46 249.99
5 1 2 1 356.4 350.9927 5.407 406.89
6 2 2 1 298.65 303.7812 -5.13 317.81
7 1 5 1 440.87 447.3762 -6.51 482.24
8 2 5 1 415.8 413.9197 1.88 449.4
9 0.66 3.5 0.55 372.9 372.7273 0.173 420.76
10 2.34 3.5 0.55 327.45 324.718 2.732 361.12
11 1.5 0.98 0.55 216.98 218.4424 -1.46 252.66
12 1.5 6.02 0.55 388.8 384.4329 4.367 337.24
13 1.5 3.5 -0.21 218.6 217.2916 1.308 233.89
14 1.5 3.5 1.31 429 427.4038 1.596 500.48
15 1.5 3.5 0.55 448.45 449.7647 -1.31 577.67
16 1.5 3.5 0.55 456.64 449.7647 6.875 577.67
17 1.5 3.5 0.55 448.23 449.7647 -1.53 577.67
18 1.5 3.5 0.55 449.64 449.7647 -0.12 577.67
19 1.5 3.5 0.55 442.68 449.7647 -7.08 577.67
20 1.5 3.5 0.55 452.45 449.7647 2.685 577.67
Optimization of significant variables using 
response surface methodology
Figure 1. Contour plots of enzyme activity as a function of the interactions of two variables by keeping the other at centre level: interactions 
of soybean and K2HPO4 with glucose at 1.5% (a), interactions of glucose and K2HPO4 with soybean at 3.5% (b), and interactions of glucose and 
soybean with K2HPO4 at 0.55% (c).




Table 4. Analysis of variance table (ANOVA for Response Surface Quadratic Model - CCD).
Sum of Mean F p-value
Source Squares Df Square Value Prob > F
Model 163114.9 9 18123.88 527.4532 < 0.0001 significant
  A-Glucose 2782.246 1 2782.246 80.97074 < 0.0001
  B-Soybean 33259.21 1 33259.21 967.9314 < 0.0001
  C-K2HPO4 53290.33 1 53290.33 1550.89 < 0.0001
  AB 94.60001 1 94.60001 2.753112 0.1281
  AC 277.8903 1 277.8903 8.087346 0.0174
  BC 41.63281 1 41.63281 1.211625 0.2968
  A^2 18391.5 1 18391.5 535.2416 < 0.0001
  B^2 39632.7 1 39632.7 1153.417 < 0.0001
  C^2 29246.1 1 29246.1 851.1393 < 0.0001
Residual 343.6112 10 34.36 112
Lack of Fit 234.8798 5 46.97595 2.160182 0.2089 not significant
Pure Error 108.7315 5 21.7463
Cor Total 163458.6 19
Std. Dev: 5.86; R-Squared: 0.9979; Adj R-Squared: 0.9960; Pred R-Squared: 0.9864; Adeq Precision: 61.416.

